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GEAR MADE OF RESIN, AND MOLD STRUCTURE 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to a gear made of a resin, 
which is used widely in a power-transmitting mechanism for 
a duplicator, a printer, facsimile, an automobile part. 

DESCRIPTION OF THE RELATED ART 

-ft g^crr made — e-£ — a — res i - n — i-s — flnmrnni-ipp^ ny hsa 4 — am — a>. 
power- transmit ting mechanism for a duplicator, an automp^ile 
part and the like (£u~r) the purpose of reducing the^fJart cost 
and the weight and the operational sound. Th/gear made of 
the resin is formed into a predetermined iaghtened shape by 
an injection molding, but the deformation such as a warpage 
and a sink may occur due to a difference between the amounts 
of material shrunk at molded poc/ions. For example, as shown 
in Figs.l to 3, in a gear L/Formed of a resin so that a boss 
3 and a rim 5 are conn^tted to each other by a web 4, the 
amount of shrinkage err contraction of a connection 7 between 
the rim and the w^b 4 and the amount of shrinkage of an end 
of the rim 5 ar/dif ferent from each other and for this reason, 
there is a/possibility that a sink (indicated by a broken 
line Ll/is produced, i.e., the connection 7 between the rim 
5 amy the web 4 is deformed so that it is recessed. If such 

^kjn k iS prOdUCed, thfi tooth fla^rVMirapy ie ^flTp^Hor] 

1 




a gear 1 formed ^ f * r og j » i 1111 ill i a wpb 4 o f fset toward oa o. 
of ends of a rim 5, as shown in Fig. 3, the following disadvaj 
is encountered: A connection 7 between the extending 
radially outwards from an end of ^J^er^oss 3 and the rim 5 



of the rim \5a is d 



is shrunk in a large amounjfe^and as a result, the free end 

>rmed, namely, warped (indicated by a 
broken line to look r l-i-k-e— b-e-i-n-g expanded. Particularly, 

in a g>aT having a large tooth width as in the prior art shown 
■ F-i g ■ 3" — LUe dbuvre d - i - 3£rdvaii Ldge is significant."^ 

Tn orriftr tn prpvant thn -i H-tt n n -h -a rj n iQQnri fl ]- 0f i with SI 

gear 1, various gears made of a resin are conventionally 
proposed, which include ribs extending r,a4dJ-a2«3ry-between a 
boss and a rim 5, or a annular rib, a^rtT^a web ^. formed at 
a smaller thickness, while eri^tfring the strength, so that 
the deformation such &a<a warpage and a sink is inhibited 
by regulating tjpe^thickness at each of various portions, 
thereby enja^ncing the tooth flank accuracy (for example, see 
Japaja^se Patent Application Laid-open No. 9-230657 and the 



In the conventional gears made of the resin, however, 
a predetermined tooth flank accuracy is provided, but the 
demand for an increase in accuracy for the gear made of the 
resin is considered to be more and more intensified. Therefore, 
it has been desired in industries for manufacturing a 
duplicator and an automobile part to provide a gear made of 
a resin, wherein the deformation such as the warpage and the 
sink can be inhibited effectively to further enhance the tooth 



flank accuracy. 



SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a gear made of a resin meeting the above demand. 

To achieve the above object, according to the present 
invention, there is provided a gear made of a resin, comprising 
a substantially cylindrical rim having a plurality of teeth 
formed around an outer periphery thereof, a boss formed about 
a rotational center of the rim, and a web connecting the boss 
and the rim to each other, wherein at least one groove is 
defined along outer surface of each tooth of said teeth to 
divide said teeth in a widthwise direction of said teeth. 

With such configuration, portions of tooth flanks 
tending to be sunk to a large extent are eliminated by the 
provision of the grooves and hence, only portions free from 
a sink and having a tooth flank accuracy can be meshed with 
a mating gear. In addition, according to the present invention, 
a thinned portion having the grooves defined therein is 
deformed in a decreased amount, and hence, the amount of 
deformation such as a warpage and a sink in an opposite 
direction is also decreased. Further, according to the 
present invention, the grooves are defined along the outer 
surfaces of the teeth and hence, a lubricant such as grease 
can be supplied effectively to tooth flanks by previously 
applying the lubricant in the grooves. Thus, the gear made 
of the resin can be rotated smoothly, and the wearing of the 



teeth of the gear can be inhibited, thereby enhancing 

the durability of the gear- 
According to the present invention, there is provided 
a mold structure for forming a molded product which partially 
includes a sidewall portion having an undercut configuration 
on one of sides, the other side of the sidewall portion being 
wall-removed or lightened, wherein the sidewall portion is 
formed to extend in mold-opening direction, so that a 
mold-constituting member forming the side face on the 
lightened side of the sidewall portion is released from the 
molded product more early than a mold-constituting member 
on the side having the undercut configuration of the sidewall 
portion, when the mold is opened. 

The above and other objects, features and advantages 
of the invention will become apparent from the following 
description of the preferred embodiment taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a perspective view of a first conventional 
gear of a resin; 

Fig. 2 is a vertical sectional view of the gear shown 
in Fig.l; 

Fig. 3 is a perspective view of a second conventional 
gear of a resin. 

Fig. 4 is a perspective view of a gear made of a resin 
according to an embodiment of the present invention; 



Fig. 5 is a vertical sectional view of the gear made 

of the resin shown in Fig. 4; 

Fig. 6a is an enlarged view of a portion of the gear 
made of the resin; 

Fig. 6b is an enlarged front view of a portion of the 
gear made of the resin; 

Fig. 7 is an enlarged perspective view of a portion of 
a gear made of a resin according to a first application example 
of the present invention; 

Fig. 8 is a sectional view of a mold for producing a 
gear of a resin according to the present invention; 

Fig. 9 is a sectional view showing an application example 
of a producing mold; 

Fig. 10 is a vertical sectional view of a gear made of 
a resin according to a second application example of the present 
invention; and 

Fig. 11 is a vertical sectional view of a gear made of 
a resin according to another application example of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will now be described by way of 
embodiments with reference to the accompanying drawings. 
I. Gear made of Resin 

Figs. 4 to 6 show a gear 1 made of a resin according 
to an embodiment of the present invention. As shown in Figs. 4 
to 6, the gear 1 made of the resin is formed by an injection 



molding using a resinous material such as polyacetal, 

polyamide, polyphenylene sulfide, polybutylene 
terephthalate and the like . The gear 1 includes a boss 3 having 
a shaft hole 2 defined therein engaged with a shaft, a web 
formed on an outer surface of the boss 3 at. a substantially 
axially central portion of the boss 3, and a substantially 
annular rim 5 connected to the boss 3 by the web 4, thereby 
providing such a shape that the wall between the boss 3 and 
yg the rim 5 is removed with the web 4 left. Teeth 6 having a 



01 



m 



tooth profile matched to the purpose of use are formed around 
an outer periphery of the rim 5. 

In a conventional gear shown in Fig. 2, a gear 1 made 
of a resin including a rim 5 formed at a large thickness to 
N enhance the strength is liable to be shrunk and deformed in 

a large amount after being injection-molded, as compared with 
a gear including a thinner rim 5. Particularly, a connection 
7 between the web 4 and the rim 5 is liable to be deformed 
in an increased amount. As a result, the gear is subjected 
to a deformation called such a sink that the connection 7 
between the web 4 and the rim 5 is shrunk or contracted, so 
that it is recessed, as shown by a broken line in Fig. 2, whereby 
the outside diameter of the central portion of the rim 5 is 
smaller than those of the opposite ends of the rim 5. Thus, 
the accuracy of a tooth flank may be reduced. 

"fr n - the a e ax 1 according tn thr p'r -,r m r m bnrl j mnr 
however, groove 8 b i s e c t i JlJg_e^-e^r-1rootT^ 6 in a widthwise 
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the tooth (at and in the vicinity of the connection 7, 
the web 4 and the rim 5) corresponding to tM portion 
particularly shrunk and deformed in tM large amount in the 
conventional gear shown in Fi^sZ. As a result, in the gear 
1 according to the preg^rfit embodiment, the substantially 
widthwise centra^ortion is formed at a reduced thickness 
and hence, Jfetfe amount of widthwise central portion S^^u^k 
can be/iecreased, and the sink of the rim 5 can be reduced, 
rehy - enhancing t - h e — *&~mrary ri-ng^i^ ^ -h ^ fi an k y 

The gear 1 made of the resin according to the present 
embodiment is of a structure made as if a portion having a 
poor tooth flank accuracy were removed by forming the groove 
□ 8. This also can enhance the tooth flank accuracy 

in 

q (particularly, the meshing accuracy) . 

In the gear 1 made of the resin according to the present 
embodiment, the groove 8 is defined to extend around the entire 
periphery of the rim 5 along the outer surface of each tooth 
6 and hence, a lubricant such as grease can be supplied 
effectively to meshed portions of the teeth 6 by previously 
applying the lubricant in the grooves 8. Thus, it is possible 
to provide the smooth rotation of the gears 1 made of the 
resin and to prevent the wearing of the teeth 6. Therefore, 
if the gear 1 made of the resin according to the present 
embodiment is used in a drive mechanism for a rotary drum 
of a duplicator, the rotary drum can be rotated smoothly and 
with a good efficiency to provide an image of a high accuracy. 



Moreover, the gear 1 made of the resin according to the present 
embodiment is capable of transmitting a power accurately for 
a long period, because the wearing of the teeth 6 can be 
prevented. In addition, even if the gear 1 made of the resin 
according to the present embodiment is used in a 
power-transmitting mechanism in an automobile part or another 
precision machine other than the duplicator, the gear 1 can 
transmit a power smoothly and accurately for a long period. 
II. Mold and Process for Producing Gear made of Resin 

Fig. 8 is a schematic view of a mold 10 for producing 
a gear 1 made of a resin according to the embodiment of the 
present invention. As shown in Fig. 8, the mold 10 includes 
a fist plate 11A, a second plate 11B and a third plate 11C. 
A left portion of Fig. 8 from a center line CL shows the mold 
10 in a closed state, and a right portion of Fig. 8 shows relative 
positions of mold-constituting members with the mold 10 in 
an opened state. In the opened state of the mold, in usual, 
the first and second plates 11A and 11B are spaced sufficiently 
apart from each other, so that the operation for removing 
the gear 1 formed of the resin is not interfered with, but 
such state is not omitted in Fig. 8 for convenience for drawing 
the figure. 

In Fig. 8, a split die 13 (13A, 13B and 13C) is 
accommodated in a recess 12 in the second plate 11B and fixed 
to the second plate 11B by a bolt 14. The split die 13 is 
comprised of a first die section 13A and a third die section 
13C for forming the outside diameter of the gear 1 made of 
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the resin, and a second die section 13B for forming the 
grooves 8 disposed between the first die section 13A and the 
third die section 13C. 

Protrusions 15A and 15B are formed on the first and 
third plates 11A and 11C to protrude toward the second plate 
11B for forming a wall-removed (or lightening) portion 1A. 
In Fig . 8 , the protrusions 15A and 15B are shown as being formed 
integrally with the first plate 11A and separately from the 
third plate 11C, but means for forming the protrusion 15A 
and 15B in the corresponding plates 11A and 11C is not limited 
and can be designed and modified, as desired, in consideration 
of various conditions for processing and assembling of the 
mold-constituting members . 

In Fig. 8, reference character 17 is a shaft hole-making 
pin which extends through the third plate 11C and protrudes 
at a central portion of a space (cavity 16) on the side of 
an inner periphery of the split die 13 attached to the second 
plate 11B. An ejecting pin 18 is accommodated in the third 
plate 11C for urging the gear 1 formed of the resin upwards 
as viewed in Fig. 8 during releasing of the gear 1 from the 
mold. A plurality of the ejecting pin 18 may be disposed, 
so that the gear 1 canbe urgeduniformly. In Fig. 8, reference 
character 19 is a hanger bolt for limiting the movement of 
the first, second and third plates 11A, 11B and 11C relative 
to one another . 

On the other hand, a plurality of gates 20 are defined 
at substantially equal distances around the center line CL 



of the cavity 16 to open into the cavity 16. Consequently, 
a resinous material injected into the cavity 16 through the 
gates 20 equally flows into the cavity 16. 

A difference between the inside diameter of the second 
die section 13B and the inside diameter of the first and third 
die sections 13A and 13C, namely, a depth of each of the grooves 
8, is determined in consideration of an amount of gear 1 shrunk 
radially after being formed by the injection molding. More 
specifically, if the depth of the groove 8 is smaller than 
the amount of gear 1 shrunk radially after being formed by 
the injection molding, the gear 1 formed of the resin is 
released from the mold without being obstructed by the second 
die section 13B. On the other hand, if the depth of the groove 
8 is larger than the amount of gear 1 shrunk radially after 
being formed by the injection molding, as shown in Fig. 9, 
it is required that the second die section 13B is divided 
into at least two portions 13B1 and 13B2, and when the formed 
gear 1 is released from the mold, the two portions 13B1 and 
13B2 are moved through a predetermined amount (AL) , so that 
an inside-diameter portion of the second die section 13B ( 13B1 
and 13B2) is not caught on an outside diameter of the gear 
1. If the depth of the groove 8 is smaller than the amount 
of gear 1 shrunk radially after being formed by the injection 
molding, it is not required that the second die section 13B 
is divided into at least two portions, and the two portions 
are moved radially outwards at the releasing of the gear 1 
from the mold. Therefore, it is possible to simplify the 
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structure .of the mold to provide a reduction in cost of 

the mold, thereby providing a reduction in cost of the gear 
1 made of the resin. 

The gear 1 made of the resin according to the present 
embodiment is formed by the injection molding using the 
producing mold 10 as described above. More specifically, as 
shown in the left portion of Fig . 8 , the cavity 16 corresponding 
to the shape of the gear 1 is defined by registering the first, 
second and third plates 11A, 11B and 11C with one another. 
Then, a resinous material is injected through the plurality 
of gates 20 into the cavity 16. After lapse of a predetermined 
time, the first, second and third plates 11A, 11B and 11C 
are parted in such a manner that the gear 1 formed of the 
resin by the injection molding is retained by the shaft 
hole-forming pin 17 and the split die 13. In this case, if 
the protrusions 15A and 15B formed on the first and third 
plates llAand 11C are moved away from the wall-removed portion 
1A of the gear 1 to define a space between the mold and the 
wall-removed portion 1A, prior to the releasing of the gear 
1 from the mold by the pushing-out movement of the ejecting 
pin 18, the amount of gear 1 shrunk radially inwards can be 
increased, as compared with a case where such a space is not 
defined. After sufficient shrinking of the gear 1, the gear 
1 formed of the resin is released from the cavity 16 in such 
a manner that it is pushed out by the ejecting pin 18. Thus, 
the gear 1 formed of the resin can be reliably released from 
a stationary die 11. In the case where the depth of the groove 
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8 in the gear 1 is larger than the amount of gear 1 shrunk 
radially, the die portions 13B1 and 13B2 resulting from the 
division of the second die section are slid, so that their 
inner portions are not brought into contact with the outer 
periphery of the gear 1 formed of the resin. Then, the gear 
1 is released from the cavity 16 in such a manner that it 
is pushed out by the ejecting pin 18. 

The structure of the mold 10 as described above is not 
limited to the shape corresponding to that of the gear 1 made 
of the resin according to the present embodiment, and may 
be of a shape similar to that of the gear 1, i.e., is applicable 
widely to the injection molding of a molded article which 
includes, in part, a sidewall portion (corresponding to the 
rim 5) having an undercut configuration (corresponding to 
the grooves 8) on one of sides (corresponding to the outer 
surfaces oft he teeth 6), theothersideofthe sidewall portion 
being lightened or wall-removed (corresponding to the 
wall-removed portion 1A) . The structure of the mold 10 is 
also applicable to another molded article having a shape in 
which, supposing that the boss 3 of the gear 1 according to 
the present embodiment is the sidewall portion, an undercut 
configuration is provided in an inner peripheral surface of 
the sidewall portion. 
(First Application Example) 

In the above-described embodiment, the groove 8 is 
defined at one point along the outer surface of each tooth 
6 of the gear 1 to bisecting the teeth 6 in the widthwise 
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direction. The present invention is not limited to 

this embodiment, and as shown in Fig. 7, grooves may be defined 
at two points along the outer surface of each tooth 6 to trisect 
the teeth, i.e., to divide the teeth into three sections. 
Alternatively, grooves may be defined at more than two points 
along the outer surface of each tooth 6 in the widthwise 
direction . 

(Second Application Example) 

In, the gear 1 madp of Xjj e resin accordin g tn the 
above-described embodiment, the web 4 is forme^^f the 
substantially axially central portion of thej^6ss 3 . However, 
the present invention is not limited ti^his embodiment, and 
the web 4 may be formed at an ax^al end of the boss 3, and 
the boss 3 and the rim 5 ma/be connected to each other by 
the web 4 . One groove 8 irfay be defined along the outer surface 
of each tooth 6 at^ibstantially widthwise central portions 
of the teeth &/of the gear 1 made of the resin. If the gear 
1 is forip^a in the above manner, it is possible to inhibit 
the deformation of the rim 5 of the gar 1, called a warpage, 
3 g . showjl i - n Fig . 3 r thoroby enhancing - the tooth flank aceuid rry . 
(Another Application Example) 

The present invention is not limited to the shapes of 
the gears 1 according to the above-described embodiment and 
the application examples, and is applicable widely to an 
embodiment in which a rim 5 and a boss 3 are connected to 
each other by a web 4 . 

In the above-described embodiment and the application 
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examples, at least one groove 8 is defined at the 
substantially widthwise central portion of the tooth 6, but 
the present invention is not limited to it, and the groove 
8 may be defined at suitable location in consideration of 
the state of the tooth flank deformed, or may be defined at 
location where the lubricant can be supplied with a good 
effectiveness . 

The grooves 8 having the substantially rectangular 
sectional shape have been illustrated in the above-described 
embodiment, but the prevent invention is not limited to this 
embodiment, and arcuate grooves 8A may be defined along the 
outer surfaces of the teeth 6 of the gear 1 as shown in Fig. 11, 
or grooves may be formed into another shape such as a V-shape, 
a truncated conical shape and the like. 

In the above-described embodiment and the application 
examples, the spur gear has been illustrated as the gear 1 
made of the resin, but the present invention is not limited 
to the spur gear and is applicable widely to a helical gear, 
a screwed gear and the like. 

Although the embodiments of the present invention have 
been described in detail, it will be understood that the present 
invention is not limited to the above-described embodiments, 
and various modifications in design may be made without 
departing from the spirit and scope of the invention defined 
in claims . 
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